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Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor the University of California nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any
specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States Government or the University of California. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States Government or the University of California,
and shall not be used for advertising or product endorsement purposes.
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Bacillus Spores Using BioAerosol
Mass Spectrometry
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BioAerosol Mass Mass
Spectrometry (BAMS)
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Anatomy of a Bacterial Spore

o

*Dormant form of bacteria Bacillus licheniformis endospore exterior

)

-

*Formation induced by environmental
stress

Diagram of a bacterial spore

core: Dipicolinic acid
glutamic acid, SASP’s,
neucleic acids.

coat proteins

Bacillus megaterium endospore cross section
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exosporium:
glycopeptides cortex: enzymes, peptidoglycans,

small molecules

characteristic size ~ 1 pm




Intensity (Arbitrary Units)

Bacillus Spore Data Variability
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Intensity (arbitrary units)

Suspicious White Powders
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Area of -90

Amount of -90 (adenine fragment) vs DPA",
1000 Spectra of B. cereus Spores
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Area of -90

Amount of -90 (adenine fragment) vs DPA",
1000 Spectra of B. cereus Spores
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Amount of -90 (adenine fragment) vs DPA",
1000 Spectra of C. acetobutylicum Vegetative Cells
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Bacillus spores
detected in a complex mixture

BAMS 1s able to detect and
identify Bacillus spores at
the genus level from a
complex background.

No false positives.
Low false negatives.
Single spore detection

Able to differentiate
Bacillus, Clostridia, and
fungal spores.

Ability to 1dentify unknown
powder.

Mixed aerosol contains

all components in legend plus
Baking soda and powdered
Sugar added to mix.

|| Bacillus Spores ] Gelatin
B Clostridium Cells || Equal
[/ Fungal Spores B Gold Bond

|| Growth Medium Il Other




Determining Spore Species (Blind)

Relative intensity (arbitrary units)

Mass to charge ratio
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B. atrophaeus

B. atrophaeus and B.
thuringiensis, two different media
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It is possible to plot the amount of a
particular molecule in each sample
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We can find out how many spectra
have less than a certain amount...
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Or more than a certain ammount...
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The point that the graphs cross is
the optimal threshold.
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Rules-Tree Generation

)[" Find best rule. ..
Split the data sets
according to rule 1.

Find best rule. F|nd best rule.




B. atrophaeus vs. B. thuringiensis
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Bacillus Spore Species Study

e 7 Species
— B. thuringiensis
— B. coaqgulans
— B. cereus
— B. megaterium
— B. atrophaeus
— B. simplex
— B. sphaericus

* Run in duplicate, about 5K spectra each.
* 4 blind coded unknowns run as well.




B. thuringiensis Assignments
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B. coagulans Assignments
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B. cereus Assignments
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B. megaterium Assignments
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B. atrophaeus Assignments
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B. simplex Assignments
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B. sphaericus Assignments
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Unknown 1 (B. megaterium)
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Unknown 2( B. thuringiensis)
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Unknown 3 (B. coagulans)
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Unknown 4 (B. atrophaeus)
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Unknown 3 (B. coagulans)
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B. coagulans Assignments
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B. thuringiensis Assignments
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Conclusions/Future Research

BAMS is able to identify Bacillus spores
from within a complex background

BAMS can provide limited species
information for microorganisms.
Need to expand signature space
— Proteins

— Other metabolites

Need to examine growth conditions
Impacts.
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